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REMARKS 

Applicants have uncovered inadvertent errors, such as punctuation, typographical, 
grammatical, or like errors, in the specification. This preliminary amendment is submitted to 
replace the original specification (absent the claims) with a corrective substitute specification 
(absent the claims) submitted herewith. The substitute specification adds no new matter. 
Applicants have also amended claims 4 and 12 merely for clarification purposes. The 
amended claims are no narrower than original claims 4 and 12. 

Consideration of this preliminary amendment in an examination of the application on 
the merits is respectfully requested. 
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planarization. 

■ V „ ..abstantially planar surface that facilitates accurate pattenung and 
crcaung thereby a substanUaUy p ^ ^^.^^^^ ^^^^^^ 

.ontactwitM^cwaferto^e^^^^^^^ 

between wafer and P°« con^ponents. 
CMP reagents typically include an abrasive Slurry ^^es used for CMP include 

abrasive prides and vanous oxidi^ng agents. Abrasive particles used 
,0 alumina, silica, spinel, ceria. ^ nrccnia, an,on. otner. ^ 

T.e areas of appUcab.Uty of CMP proce.es -P-^^ ^^^^^^^^ ^ 

..etyof.ate.als.-,udin..e..^^^^^^^^^^^ 

..ective.Oxid.erSSUcHas^^^^^ 
25 hydroxylaminc ai,d its salts, and oth ^^^^ ^^^^^^^^ ^^^^ 

.earch and are currently being employed in CMP processes ^^^^^ 
have several drawbacks including. inWr aHa, [they create] thecr^UOlUL 
las o c v^aste streams that must be treated and removed fro. CMP process 
^"^^■^ A^^i"^^ w.te str.an.s may also include metal oxides from tbe wafer 

3, ;:::c:r"\.-v««-^^---— ----^^^ 
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^ .J- n Q.if-l-i waste siream^-Mgl^^^^^ complex 
■ ' difficulties of effecti.elrfcatmeni and disposal]. 

difficulties oi eri „f ^ffeclivelv For the foregoing reasons, 

^' """JLI I^,,^ the ,yp,=. ionic ^ 

, ■ 11 .f-AAP of metals) and/or ameliorate the 

, For example the chemical compositions and processes pur 

Ta^ culaxly adva.tag.0^. for CMP proccsse. of tungsten, copper, s.lve. 
invention are particularly aa an g processes 
gold, platinum, iridium, ruthenium, and alumtnum metals ^ well 

■ u ^u^in^ a low dielectric constant ("low k )- 
of organic materials havmg low di ^^^^ eontaniination 

- 0.onehasheen.ed™n^^ 

Richard N. Taubor. SSJCONPRQCfe-- -^--^^^^^ of wafer 
j,,,^ 2- Ed. (Lattice press, 2000). pp-13 -133^ Oz n ^^^^^^ 

.^.esfol«CMPisdescrihe..re.^^^^^^^ 

to the uitegrated circuit. For exampl ^^^^^^^ ^ 

.n formmg a field isolation structure in the work ^ 

« ■ u T^T^n^ lavers (tetraethoxysilanc layers; nav 

^d 6.072,226). O.one-nch ^BOS j ^^^^ ^ 

formation of dielectric layers on integrated circuits m 
to those having ordinary skills in the art. 
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SUMMARV 

rn. relates to the use of ozone (O3) as a reagent in chemical 
5 3evera,fonns,mclud,uginanaqucoussoluucnorasa.as. ^^''^ 

.eagemsco^issolvedw^ththeozone. Co-reagent. „„Uc, 
acetic and gly foreBoing ozone Warning reagents can be 

exceeding 20 ppm. bucn an planarization] 
solution b^tween a wafer surface and a pcUshxns pad to [affect p 

^ci'l^ . „ th^-iurface to be planaiized pursuant to 

ozone gas may [be] directly impinge on the suxfac. P 
30 other embodiments of the present invention. ,^ . fo, cMP of platinum and 



M.<?727 US 



-3- 



May-U-D2 Q1:54piii From-SKJERVEN MORRILL LLP 4154340647 T-534 P.028/D42 F-g06 

10 NiP, Cr, Al, Si02, Si or Al meUl. 
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^^^^^grrj^oTPTION OF THEPRAWINGS 

p.,.e . Bloc. .U.^ - ozone .e...Uon ana flow pu^uanuo so.e ..^^^^^^^ 
the present invention. 

chemical mechanical planarization. 
embodiments of Represent invention. 
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p.e.n. ^^^^^ ,^ of ..elated c„caUs. 

mechanical plananzat.on ( CMP ) as perto 

for CMP pursuant to the present invention caD be used m several fonns 

CMP reagents co-dusolved w,th the ozone. C g _ ^^^^ 
o.oac include carbonate and bicarbonate anrons. and "^-"^ ^ 
.eet.candglycol.0.onec^bedeUv.eddirectlVtothes.^aet ..^^^^^^^ 

, ora^as. Con.Hn.tionsoft.e.reSotnso— -S-^^^^^^ 
optionally in cooperation wrth other non^zone-conta^ng CMP reag 

"^^":::an.e.r.cdor.ene.tedinseveraWa..nc.^^ 
o.ne.eneratorpa..n.o.V.ent.o..hanenersV«eld.typ.^ya^^^^^^^^^^^^ 

,3 .™..o.ne....ornaeorn.nat.^^^^^^^^ 

spark discharge, relates ^^^^^^ ^^^^^^ ^^^^^ 

molecular oxygen subject to the discharge ^^^^ ^^^^^^ 

„.,,en atoms subsequently attach themselves ^n an e-*-— yield depend, on ,.e 
,0 andfonn«oxvgenniolecu.es.accordinglyo.one^^^^^^^^^ ^..epLenceof 
electric field strength and operating temperature among other facto.s^ P 

on operating temperature relates to the fact that higher temperatures displace 
equilibrium of Eq. X away from ozone, diminishmg its yield. 

Eq. 1. 

25 O2 + O O3 

making il difficult, but not impossible, to store ozon 
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invention. ^ dissolved in water 

composition A. same embotoentsom between a wafer surface 

rpii:r"ir:— — ^ 

fom. Composmon A pur^uaBl to th P ^„ thereof) can then be ported 

through valve 28 to ^Nir app wherein the ozone generator is 

'""-■•'rTr:::~iTor;pt«..— ^ 

«f th^ r.7one contained in Composition A. 

at about 20 ppm ^^^nHent Thus, berter control ot 

wrMPnrocesses are temperature dependent, m , 

Additionally many CMP process reagents. 

... achieved by controlling the temperature of the CMf g 

the planarization process is achieved vy 
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" -"-'-T.:rnrrrrr— ----- 

flowfromnowcon.roner24,the™g Additionally, microprocessor 

.e6.g.rator32.^d.hen.ixu.gor.heozonew.*.b^^^^^^ 

controUer 36 or ^separate microprocessor can also be Wto ^^^^^^ 
TheCMPapparatus30canemployaconvennonalCMPdeUvei7 Y 
The CMi- PP h^^een a-afrr surface and a pobshmg pad to laffect] 

,0 ComposUionAorCompos..ouB,berw^^a ^^^^^ .,ed for 

^.epol^lead...^^^^^^^ 

plananzauon but .s expected to be less effe J [.^ploying] when 

solution and requires introduction very close to the v,afer surf _^ 
,3seous o«.e ...a^ a poUslung pad Ur^u.red and w « (or as,m 
,S nece.sa.lymtroducedtoa.s.ttnremov..ctc^n.^^^^^^^^^^ 

Hov^ever, xt .s impor^t to note that o.one, » s 
,,..nyarather.ho«.i.t.e.henbrou^tm..^^^^^^^^ 

^po^tionspursuanttotheprese. — ^^^^^^^^^^ 
h.ns poUshed instead of b.ng apphed furthe up or 
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. K .oared. «.mfuE.l.o™«u.=.m.d[,p=n««lc.n,po.m.n 48 

.u*» 4. ™. 42 

M.»«v^.ted.=n,Mc«,po.,a<»«<lpr.=.=e.p— »* P 
„ „=U s..=d fo, *,ou*-O.^P.«» *" " 

::i;;r;ii.»--„».~34»dto 

Compo.itto»B.oro»»..«ro..d"="y'> „ „,„iv. motto of to 

J iiA That the dispensed composinon 68 and the reiaii e 

:;::2:::r..oi-.-'----— 

25 surface 54. j^.rnhed herein pureuant to the present 

Fieure 4 further outlines the CMP processes descnbed herein? 

, and rreferx^ng] withrsfe-nce to Figures 1 and 4. the source of 
._.on.Inp^tc^^^^^^^ 

oxygen IS provided for delivering ;, can be delivered to the CMP 

gen^ating [Ozone] "-"'^ 7^^:, ;^. Mtemativelv. the 

< wherein the CMP process of metal ,s [preformed] ESrtorm^ 
30 apparatus 30 where n t P ^^^^^.^^ , ,„„.rcfngerated aqueous 

ozone can be dissolved in a refngcraiea q ^ A Next, the refrigerated 

solution(optionaUvtemperat.recontrolled)toformCom^^^^^^^^^^^^^ 

composition A or the non-refagerated Composinon A be dc 

30 Wherein the CMP process of metal is [prefonned] p^donz^- M-att 
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The chemical compositions pursuant to m p , . „nre1 nhase 

However this does not preclude a two (or more) phase 
in a sinele phase polishing process. However, tms a 

LbenefitisfoundmdoingaUgh.polishing.usinganotherCMP 
poUshmg system if a benefit is loun process. Moreover, it 

_ositionCs>in.uhse.entpro.^^^^^^^ 

- -d.n.ed.^^^^^^ 

p._t to ^ ,_what on the same order as one nn.h. 

..closed systems, though ^ ^ ^^^^^^^^^^^ ^^^^^^ ^3 

see with hydrogen peroxide or other s m 1 y ^^^^^^ be handled 

11 , „„fTT,anv CMP chemicals, they] Ga iirranv, »^ivif ■ ^ 

generally true of many CMl- .end to have high oxidation powers. 

1 5 with proper precautions since they typically all tend to h 

The present invention further includes an important advantage m 

arneliorah I r^^^^^ 

:rd:..Xhis«ede.ves.omthefact^tthet.i^^ 

compositions pursuant t the p.s ^^^^^ ^^^^^^^^^ ^ 

Ct^ically,pHrang.^l-or9^^ ^ ^^^^^ 

caused by typicallowpH CMP sow ,rf,<,e That is one mechanism by 

- p.s.vatio.layersforme„^^ 

winch pl^arization is ^^^^^ „,,,,Her surface regions in contact 

.ethesurfacea^^^^^^^^ 
with the pohshmg pad ^^^^ ^ , p,,^.,, protected from 

,omdepressedre.„ 
30 chemical matenal removal by the P ^^^^.^ ^^^^^ ^^^^^^ 

metals, but. at the typical pH rang^ f P ^^^^^ ^^^^^ ^^^^ ^^^^^ 

...1, dissolved. Thus, less aggressive ^ ^ ^^^^ ,^ 

the passivation layer, leading lo improved pUnanzalion. 



complete the CMP process. 
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.Wve acuon of the pad « by the pad in coopexaUon w.th the ^6^.^.^sr... 
could be repeatedly prefonned in order to speed up the piatu,u™ poUsh^ng process. 

J filrnssuch.irid.urntypicaUyrc,u.e:hatanoxidationprocessbeperfo^^ 

p..rto CMP.order to .crease the e«ectWenessor.a.erial removal. Hc^^^^ 
rLcar>alsobebenefitedbyen.plo,.nga.ecornpos.ionsp.rsuanttothep 

:L::yptov..sastron.o.^..tnedUtoo.d.etheni^ 



then polished ofT 



'^Tcolposmons of the present .nvenUon are also useful for Ote planarization of 
films containing ruthenium and/or n^themum oxide. 

The compositions ofthe present irxvenuon could also be employed t 
V n!LrthritcanbepoUshedtoat^bettersurfacefams.Forexamplc.shouldozon^ 

:rr:rr:siUcacUonthe.afersurface,poUsh..remo.eS^^^^^ 

rice of l-5nm. Conventional CMP w,th a pH>9 typ.cally mvolves the format, n of 

:::l:;ies,tSr0.r.Mate.alr=movaHn.heformofvery^ 

• . • nxolecules such as surfactants, slurry stabiUzers. and chelators, among others, 

:T elinXeff ctive ozone concen.a.on if such add... are present m the CMP 

:::-matenalrem 

30 chlondcs ammonium mtrate ..d particularly ammonium carbonates, can be added to 

^;L'thepohshin.rates,tho.sK-mayno.al.ay3benece.aryormaybeusedm 

certain cases with certain metals. 
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r - C- or -C-N"! ^Cjf£;_2I.;C^ bonds, 
FurthenBore, ozone can be used to open [-C - C or C 

W thereby a radical chain reaction to break down typ.cal organ, polymer., for 
promoting thereby , , ^ Hv Dow BCB's manufactured by Dow Commg. 

1^ The SILK that is manufactured by Dow, ts(.-B s radi 

„™p.=. SILK ^^^^^ ^ „ ^,„j 



. tool pno. « b, p„v.di.» =h«i». ««pos,.,,nS ,h» ozo„. 

„,.,p„vi.i^CMPP»e=-^™^-»^^^ ^^^^^^ 

of metal more etiecuvc wu ,^:^„i-,r CMP of copper is 

^ *>,.ir hr^rards to the environment. In particular, UMi oi pf 

embodiments illustrated and described. 
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r^vv.,rAI.MECHANlC/>I PT ANARI/aTION USINGOZQNE 

Robert Small 
Xiaowei Shang 



5 ABSTRACT 

The present mvention relates to the use of ozone (O3) ^ a reagent in chemical 
n^echanical pl^narization either in aqueous solution or as a gas directly imprngir^g on the 
surface to be planaiized. An aqueous solution contaming ozon. may optionally contain 
abrasive particles and/or additional CMP reagents co-dissolved with the o.one mcladmg 

10 carbonate and bicarbonate anions, and organic acids such as forniic, oxalic, acetic and glycol. 
Abrasives that may be added include alumina, silica, spinel, ceria, and zircoma. Typical 
concentrations of ozone in aqueous solution are in .he range from approximately 1 port-per- 
milUon up to saturation- Ammonium salts, particularly anmionium carbonate, facihtate 
planaxization m cooperation with the ozone-containing aqueous solution. U.w k d>electnc 

1 5 materials, organic as well as inorganic, and difficult to oxidise metals can be piananzcd with 
ozone reagents pursuant to the present invention. 
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^FAJOTX HI: co py OF AMENDFD CL AIMS, 
fN MARKED FORM 

4. (Amended) A composition as in claim 1 whcrem [the] a concentration of 
ozone in said aqueous .olution is less than that at which o.one mteractions occur. 

12. (Amended) A method as m claim 10 further comprising at least one 
ammonium salt msajd ^^giieQus solution- 
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^ pWMmX TV: copy "TT PENDING CLAIMS, 
AMirn:nFn HKREIN.. IN Cl.EAJS FORM 

1. A composition for chemical mechanical planmzation comprising an aqueous 
solution of ozone and abrasive particles. 

2 A composition as in claim 1 wherein said abrasive particles are selected from 
the group consisting of alumiTxa, silica, cena, spinel zirconia and mixtures thereof 

3 A composition as in claim 1 further comprising at least one adduive selected 
from the group consisting of carbonate, bicarbonate, oxalic acid, formic acid, acetic ac.d, 



glycol acids and mixtures thereof 



4, A composition as in 
solution is less than that at which ozone interactions occur. 



5. A composition as in 
about 20 parts per million. 



6. A composition as m 

7. A composition as in claim 
ammonium carbonate. 



claim 1 wherein a concentration of ozone in said aqueous 
3ne interactions occur. 

claim 4 wherein said concentration of ozone is less than 
claim 1 further comprising at least one ammonium salt. 



6 wherein said at least one ammonium salt is 
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S. A method of planarizing a 



surface by directing ozone gas onto said surface. 



9 A method of planariztng a surface by d.reclmg onto said surface an aqueous 
solution conta.ning ozone and causing relatwe mofon of sa.d surface and a poUshing pad ,n 
contact therewith. 



10. A method as in 



solution- 



claim 9 further comprising abrasive particles in said aqueous 
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11. A method as m claim 10 wherein said abrasive particles are selected from the 
group consisting of alumina, silica, cena, spinel, zirconia and mixturtis thercof. 

12. A method as m claim 10 further comprising at least one ammonium salt in said 
aqueous solution. 

13. A method as in claim 12 wherein said at least one ammonium salt is 
ammonium carbonate. 
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